INTRODUCTION
The field of Aesthetic Ergonomics may, to the casual reader, lack an ostensible connection to the larger field of ergonomics referenced in its own title. The ergonomist or human factors professional will be aware however, of the value of a pleasing experience to the quality of life of the user (Norman, 2002) , as well as its benefit on their function or perceived function (Tractinsky, Katz, & Ikar, 2000) .
Aesthetic engineering is the field of applying quantitative methods to aesthetics. Previously, aesthetic engineering has looked at variety of domains such as mobile phones (Nathan-Roberts & Liu, 2010) , bottle design (Kelly, Maheut, Petiot, & Papalambros, 2011) , and web page layouts (Bauerly & Liu, 2009 ). In the past, researchers have focused separately on aesthetic engineering or physical ergonomics (usability). In doing so, designers and researchers removed the very systems nature from our field of systems engineering. Considering usability while considering aesthetics will help realize the goal of true hedonomic design, creating designs that are more desirable and better for the user.
Physical ergonomics in handheld devices is important. For example, mobile phones contribute to cubital tunnel syndrome (also known as "cell-phone elbow"), the second most pervasive peripheral nerve entrapment syndrome (Cutts, 2007) .
Other areas of mobile device ergonomics have been investigated as well, including grip span (Kong, Lee, Lowe, & Song, 2007) , methods of determining thumb motion and finger force (Ong, 2009) , finger abduction speed (Jonsson, Johnson, & Hagberg, 2007) , and the effect of screen size on visibility (Hasegawa, Omori, Matsunuma, & Miyao, 2006) . Even with this research, mobile devices have significant ergonomics problems beyond cubital tunnel syndrome. "Blackberry thumb," the overuse of small handheld devices, can cause tendinitis in the thumb (Gordon, 2008) . Poor keypad layout and smaller keyboards can slow down data entry (Balakrishnan, Yeow, & Ngo, 2005) , cause pain for users with larger hands (Balakrishnan & P. Yeow, 2008) , and are often sized inappropriately (Croasmun, 2004) .
Research modeling physical ergonomics of handheld devices has been extremely limited. A kinematic model was created to recommend keypad dimensions for a new mobile phone design (Hirotaka, 2003) . The authors have previously proposed very simplified physical ergonomics models that attempt to reduce the likelihood of cubital tunnel syndrome, and increase screen legibility (Nathan-Roberts, Beeker, & Liu, 2009) .
A multi-objective physical ergonomics model for handheld mobile devices has not been proposed. Following the lead of another multi-objective physical ergonomics model (Brintrup, Ramsden, Takagi, & Tiwari, 2008 ), a generic model could provide guidance to designers across domains based on the common physical ergonomic problems of handheld devices. The perfect accuracy of such a model is not as important as having a model to provide guidance to designers. The components that are most important to handheld device ergonomics for a multi-objective model would be device length, device width, screen area, and corner radius. A Genetic Algorithm (GA) would be a suitable algorithm to use to make such a model. 
Gen

RESULTS
Participant trials were split by the presence of a Genetic Algorithm; half of the trials had only the IGA (n=79), while the other half had an IGA and GA functioning at the same time (n=79). Of the trials rated (n=152), 89.6% said that their "final selection among the best presented in this trial." Additionally, participants rated 82% (n=124) of the trials "started looking the same" On the trials where it did start looking the same, the mean generation was 5.8 of the 10 generations.
Comparing the first and last generations through paired t-tests, in Table 1 , shows that they are statistically significantly different. Table 1 shows that the designs created using an IGA alone are statistically significantly different from designs with a Genetic Algorithm for most variables. The presence of a Genetic Algorithm did not statistically significantly alter the aesthetic score of the designs (p-value 0.1367), but did change the ergonomic score, p-value 6.904e-10 ( Table 2) . The difference in mean values can be seen in Table 3 . Subjective aesthetic rating was measured for each final selection on a 0 to 100 scale, with 0 being extremely aesthetically unpleasing, 100 being extremely aesthetically pleasing (Table 2) . 
DISCUSSION
When combining an IGA with a GA it would be easy to change the parameters unknowingly in such a way that the combined algorithm has a drastically different outcome, is deterministic, or does not converge. The results show that these problems did not manifest themselves. Comparing the first and final generations (Table 1) serves as a good proxy for testing whether or not the algorithm is deterministic when the mean of each independent variable is not the final state as the first generation is random, and therefore centralizes to the mean. Along with testing if the algorithm is deterministic, it is important to test whether or not the algorithm converges. It was clear from subjective questionnaires that the algorithms converged leading to the designs rated as "looking the same." The data also show that the solution that the algorithm converged to was highly desirable, and that the converged algorithm exceeded the user discriminability in the majority of trials. Overall, the combined IGA-GA algorithm was worked extremely smoothly.
Along with focusing on the mechanics of the algorithm, it is important to see if it achieved the goals of the study, to determine the difference in preference when combined with an ergonomic rater. With most of the independent variables different when the GA was present, it is clear that the GA worked with the user to create more ergonomic designs. The multi-objective equation used in the GA meant that some of the independent variables were "pushed" towards the maximum of their range by "larger-the-better" equations, and some were not. The two variables that were not significantly different were the two that were associated with the "middle-the-best" design goal of the GA, horizontal button spacing and screen width. Had all of the independent variables been significantly different between the algorithms, or had they all remained the same, it would be harder to tell if the combined algorithm was appropriately weighting the potentially competing values of its two inputs. Similarly, the lack of significantly lower aesthetics ratings when the GA was combined with the IGA indicates that the GA did not overpower the user in sharing responsibility for the final design. Overall, the combined algorithm pushed designs to be taller, and have more rounded edges.
The physical ergonomics GA used here is an incredibly simplified model of physical ergonomics, which was not validated through real-world or 3D experimentation. The model is used here illustratively to test the ability of the combined algorithm to enhance the safety of the final design. Even though the algorithm is rudimentary, the resultant designs are more physically ergonomic. Similarly, a major limitation of this study was that participants could not hold the phones.
Building a combined IGA and GA algorithm for ergonomics has not been done before. It is therefore important to test the concept in domains like mobile phones where ergonomics and aesthetics are well studied.
The study demonstrates that IGAs combined with GAs can be used for design. A key difference between this study and other work is the strict focus on aesthetics and ergonomics instead of less concrete terms such as "liking" (Brintrup, Ramsden, Takagi, & Tiwari, 2008) . Greater detail about IGA-GA configurations can be found in Nathan-Roberts, in-press, but was omitted here due to space constraints. Using IGA-GA combinations has the potential to have a large impact in the device design market. Future work on the types of constraints that a GA can provide with an IGA will be important.
Future work should refine the multi-objective fitness function used by Genetic Algorithm, test this methodology in other domains, such as blood glucose meters, where users are not as experienced, and explore combining this work with rapid prototyping technology. Additional physical ergonomics research is needed to enhance the realism of the designed algorithm. The multi-objective fitness function can also be used to include design constraints for the designs, such as required design envelope size.
